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Abstract
It has long been maintained that the ciliary muscle derives from mesenchymal cells. The embryonic development of the avian
ciliary muscle was studied in chick embryos from stage 25 HH to the time of hatching. Serial sections of the eye were stained routinely
or immunocytochemically using the monoclonal antibody 13F4, which recognizes a cytoplasmic antigen speciﬁc for all types of
muscle cells. We found that the mesenchymal immunoreactive cells, at stage 37 HH, are arranged in two distinct orientations forming
the anterior and posterior portions of the ciliary muscle. At stages 38 and 39 HH the pigmented epithelium contained 13F4 positive
cells, which detach from the epithelium and apparently migrate into stroma. These epithelial cells may diﬀerentiate into muscle cells.
Within this same time period a progressive accumulation of myoblasts was detected between the pigmented epithelium and the ciliary
muscle. Some myoblasts containing melanin were also observed. At stage 40 HH the internal portion of the ciliary muscle was visible.
These ﬁndings indicate that the immunopositive epithelial cells participate in the formation of the internal portion of the muscle. We
conclude that the ciliary muscle derives not only from the mesenchymal cells but also from the pigmented epithelium.
 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Anatomically, the structure of the ciliary body can be
divided into two regions, the pars plana, from choroid
border to ciliary processes, and pars plicata, the area
from ciliary processes to the iris root. The ciliary body is
made up of two epithelial layers, the outer pigmented
and the inner unpigmented, associated with a stroma
containing the ciliary muscle. Although the ciliary
muscle has a complex architecture, it is considered as
being divided into three portions: anterior, posterior and
internal.
It is well established that the intrinsic musculature of
the eye consists of striated muscle ﬁbers in birds, unlike
that of mammals in which the musculature is typically
smooth muscle (Geberg, 1884).
The iris and the ciliary body have a common origin.
The outer and inner epithelial layers are derived from
the margin of the optic cup, while the stromal tissue is
derived from the mesenchyme surrounding the optic cup
(Leplat, 1912; Lewis, 1903).
Although the anatomy of the ciliary muscle has been
recently reinvestigated in avian (Murphy, Glasser, &
Howland, 1995; Pardue & Sivak, 1997), the embryonic
origin of ciliary muscle has received surprisingly little
attention. The muscle cells are derived from the mesen-
chymal cells (Leplat, 1912; Lewis, 1903; Lucchi, Borto-
lami, & Callegari, 1974). This mesenchyme is derived
from neural crest (Johnston, Noden, Hazelton, Coulom-
bre, & Coulombre, 1979). The ciliary muscle undergoes
a smooth-to-striated muscle transition during develop-
ment (Link & Nishi, 1998a,b).
A previous study (Barrio-Asensio, Murillo-Gonzalez,
Pe~na-Melian, & Puerta-Fonolla, 1999) showed that the
striated muscle cells of the sphincter iris are derived
from two sources, mesenchymal and epithelial cells.
In the present study an immunocytochemical ap-
proach was undertaken to reinvestigate the ontogenetic
development of the ciliary muscle in chickens. Our data
suggest that ciliary epithelial cells participate in the
formation of the ciliary muscle.
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2. Materials and methods
Fertile white shaver strain eggs were cleaned with
50% alcohol–ether solution and incubated horizontally
in an incubator (Memmert-UV) at 37–38 C and 80%
humidity until the desired stage was reached (stage 25–
45 HH). The embryos were then removed from the egg,
cleaned in phosphate-buﬀered saline (0.1 M and pH ¼
7:2–7.4) and staged according to Hamburger and
Hamilton (1951). The heads were ﬁxed in Bouin solution
at room temperature, dehydrated in a growing series
of alcohol, embedded in paraﬃn and cut at 7 lm of
thickness along three orthogonal planes of the space. A
minimum of three embryos per stage were studied.
Deparaﬃned sections were washed in phosphate-
buﬀered saline and processed in two diﬀerent ways. The
sections for the immunocytochemical method were in-
cubated with mAB 13F4 and developed with diam-
inobenzidine as described by Rong, Ziller, Pe~na-Melian,
and Le Douarin (1987). Other sections were stained with
hematoxylin and eosin or Mallory’s hematoxylin.
Finally, sections were dehydrated, mounted with
Eukitt (Sigma) and studied with a light microscope
(Nikon Optiphot).
3. Results and discussion
Very few attempts have been made to study the de-
velopment of the ciliary muscle. Since Leplat (1912),
Lewis (1903), Lucchi et al. (1974), and Johnston et al.
(1979), the ciliary musculature has been held to derive
from mesenchymal cells.
The morphological distinction between the iris and
ciliary body cannot be made with certainty until the ﬁrst
ciliary processes are seen (stage 30 HH) (Fig. 1A). At
stage 32 HH, ciliary processes covered the circumference
of the ciliary body (Fig. 1B). The ciliary body is an
asymmetrical structure. This asymmetry is reﬂected
during development (Bard & Ross, 1982a,b; Coulombre
& Coulombre, 1957; Reichman & Beebe, 1990). We
found that the development of ciliary musculature is
also asymmetric.
At the corneoiridic angle, facing the ciliary body,
Leplat (1912) and Lucchi et al. (1974) described a con-
densation of mesenchymal cells at stage 35 HH ex-
tending towards the ora terminalis, which represented
the anlage of the ciliary muscle. We found this con-
densation at stage 32 HH (Fig. 1B). At this stage, some
immunoreactive cells were observed (Fig. 1C), although
Leplat (1912) and Lucchi et al. (1974) did not show any
myoblasts until stage 36 HH.
In later stages, an increase in the number of myo-
blasts was detected and, at stage 36 HH, myotubes were
formed. However, during stages 37–40 HH (Figs. 1D–G
and 2A–D), most evident changes in the development of
ciliary muscle occurred and the three muscle portions
were visible.
At stage 37 HH, the ﬁbers of ciliary muscle showed
two distinct orientations and two muscle portions could
be distinguished: anterior and posterior (Fig. 1D). These
muscle cells, according to Leplat (1912) and Lucchi et al.
(1974), are derived from mesenchymal cells. At this time,
sarcomeric organization was found.
Fig. 1D also showed scattered myoblasts and buds of
pigmented cells located between the ciliary muscle and
the pigmented epithelium.
At stages 38 and 39 HH, the population of myoblasts
underlying the ciliary muscle increased (Figs. 1E and
2A) and at stage 39 HH, some myotubes were detected
(Fig. 2A). At stage 40 HH, according to Leplat (1912),
the internal portion of ciliary muscle was identiﬁed (Fig.
2C). Not very signiﬁcant changes in ciliary muscle were
seen from stage 40 HH to the time of hatching, although
the number of myoblasts underlying the ciliary muscle
decreased and only a few were found (Fig. 2D). Such a
sequence would indicate that the internal muscle portion
is derived from myoblasts underlying the ciliary muscle.
Furthermore, on the basis of our observations, a re-
lationship may be established between the population
of myoblasts underlying the ciliary muscle and the pig-
mented epithelium.
At stages 38 and 39 HH, in the stroma of pars plana,
near the pigmented epithelium, immunoreactive cells
containing melanin granules were seen (Fig. 1G, arrow).
In the pigmented epithelium, 13F4 positive cells par-
tially unpigmented were detected (Figs. 1F, arrowhead;
1G, arrowhead; and 2B, arrow), as well as 13F4 im-
munoreactive epithelial cells detaching from the epithe-
lium and apparently migrating into the stroma (Fig. 1F,
arrow). These facts coincident with the increase in the
population of myoblasts underlying the ciliary muscle.
Nomenclature
ap anterior portion
C cornea
CB ciliary body
I iris
ip internal portion
L lens
pp posterior portion
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Our observations indicate, therefore, that during
stages 38 and 39 HH, epithelial cells derived from
pigmented epithelium participate in the morphogenesis
of the ciliary muscle. Barrio-Asensio et al. (1999) showed
that iridial striated muscle cells derived from two sour-
ces: mesenchymal and epithelial cells. They found im-
munoreactivity for the mAB 13F4 in some cells of the
iridial outer epithelium and myoblasts with melanin
granules.
Moreover, Leplat (1912) and Lewis (1903) described
epithelial pigmented buds in the ciliary stroma, but
participation in development was not shown. Pigmented
buds arising from pigmented epithelium were seen from
stage 34 HH onwards (Figs. 1D, E and 2B, D). These
buds migrated into the overlying mesenchyma, but there
was no increase in the number of buds during develop-
ment. In accordance with a previous study of sphincter
iris development (Barrio-Asensio et al., 1999), these
epithelial buds might be able to undergo cytodiﬀerenti-
ation into muscle cells. In both avian and mammals it
has been widely reported that the loss of pigmentation is
associated with an increase in myoﬁlaments (Gabella &
Clarke, 1983; Lai, 1972a,b; Lewis, 1903; Lucchi et al.,
1974; Peirone, Sisto-Daneo, & Filogamo, 1990; Scapolo,
Peirone, Filogamo, & Veggetti, 1988; Yamashita &
Sohal, 1986).
Although it was believed that the mesenchyma was
responsible for the formation of the ciliary muscle, our
results showed that the ciliary pigmented epithelium
contributed to the internal muscle portion.
Fig. 1. (A–G) Development of the ciliary muscle. Stages 30–38 HH.
(A) Sagittal section of the left eye at stage 30 HH. Inferior segment.
Hematoxylin–eosin staining. Early formation of ciliary processes (ar-
rowheads). C: cornea; CB: ciliary body; I: iris; L: lens 20. (B) Sagittal
section of the right eye at stage 32 HH. Immunolabeling with 13F4.
Ciliary processes have covered the circumference of the ciliary body.
Arrowhead indicates mesenchymal condensation at the corneoiridic
angle. C: cornea; CB: ciliary body; L: lens 4. (C) Higher magniﬁca-
tion of the inferior segment shown in (B). An elongated cell is strongly
immunoreactive with 13F4 (arrowhead). 40. (D) Sagittal section of
the right eye at stage 37 HH. Superior segment. Immunolabeling with
13F4. Ciliary muscle is formed of two portions: anterior portion (ap)
posterior portion (pp). Between ciliary muscle and epithelium pig-
mented, myoblasts (arrows) and epithelial pigmented buds (arrow-
heads) are seen. 10. (E) Frontal section of the right eye at stage 38
HH. Superior segment. Immunolabeling with 13F4. Anterior portion
(ap) and posterior portion (pp) of ciliary muscle. Note an increase of
myoblasts (arrows) underlying ciliary muscle. Epithelial pigmented
buds (arrowheads). 10. (F) Frontal section of the left eye at stage 38
HH. Pars plana, inferior segment. Immunolabeling with 13F4. Im-
munoreactive cell detaching from epithelium pigmented (arrow). Note
also in this epithelium a 13F4 positive cell partially unpigmented (ar-
rowhead). 40. (G) Transversal section of the right eye at stage 38
HH. Pars plana, temporal segment. Immunolabeling with 13F4. In the
stroma immunoreactive cell containing melanin is seen (arrow). In
the epithelium pigmented a 13F4 positive cell partially unpigmented
(arrowhead). 40.
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Our data suggest that two phases may be considered
in the development of the ciliary muscle. In the ﬁrst
phase, stage 37 HH, both anterior and posterior muscle
portions were formed as a result of the fusion of myo-
blasts derived from mesenchymal cells. In the second
phase, stage 40 HH, the internal muscle portion was
found. Their formation is preceded by an increase of
myoblasts located between the pigmented epithelium
and the ciliary muscle. These myoblasts, on the basis of
our ﬁndings, have their origin in the ciliary epithelium
pigmented.
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